RESULTS FROM THE SCHOTTKY PU AT SPS

Description of:
o Experimental settings
o Data acquisition systems

Results and analysis of measurements taken with the
1.7GHz Schottky PU installed in point BA5 of the SPS on
the 01/09/04 and on the 11/11/04.
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'1- Schottky Pickup at SPS ettt mmsen s

= Same one as in Tevatron and Recycler acc. !

= Rectangular beam pipe and slotted
waveguide on top and bottom.

= Designed to measure betatron sidebands ,,mmi

and transverse Schottky signals.
= SPS: Operating freq @ 1.803GHz,
multiple of ~200MHz and 40MHz beam.

Anti-prolon

lutputs

Nutpuls

Schottky PU at CERN

1.7GHz Schottky PU at FNAL (*)

(*): “A 1.7 GHz Waveguide Schottky Detector System”, R. Pasquinélli.

Operating frequency: )
DELTA mode: 1.745GHz#®
|SUM mode: 1.813GHZ*

”, s
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ir'z- First measurements. Experimental setting

2.1- Measurement of the amplitude of signal being received from
tunnel (6/25/04). Delta signal minimization (attenuators):

Dt signal

SCOPE
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Plate 2

4B HYBRID

TABLE 1: LEVEL BEING RECEIVED FROM TUNNEL

Signal Vpeak Attenuators Vinput
(on scope) | atinputof (before
scope attenuation)
440mV 10dB ~1.4V
146mV 40dB ~14.6V

v

~12 dB att of coax cable @ ~1.8GHz

%

\%
\%

delta peak ~

sum peak ~—

SIGNAL LEVEL AT
OUTPUT OF HYBRID

~5V
~51V

ME. Castro (AB/BDI), F. Caspers, T. Kroyer (AB/RF)

RESULTS FROM THE SCHOTTKY PU AT SPS

(&)

N -

~\




2.2-First measured response In frequency domain
(7/1/04).

Input SPA = Delta SPECTRUM ANALYZER

Si g nal. “ | | Spectrum‘ Analyzer |

Center Freq. in SPA set ,

to 1.75GHz. Center Freq=1.75 GHz

_ Res. BW=3 MHz
Tunable YIG filter

in surface @ 1.8GHz
to reduce peak signal

Amplitude (dBm)

amplitude at preamp

input.

Preamplifier.
Spectrum shows e
essentially the

response of the YIG D o unable .
filter. — ™ Filieé g‘stz o [ i?'ffﬁ%ﬁ?ﬂf
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3- Results from measurements taken in BA5 on the
Schottky PU (9/1/04)

Data acquisition with:
o FFT analyzer
o Spectrum analyzer (SPA)
The employment of both devices was intended to show the consistency of
results.
By means of a hybrid we obtain Sum and Delta signals from the
Schottky PU arms:
o Measurements using the Sum signal=»longitudinal sensitivity of the PU.
o Measurements on the Delta signal=» transverse spectrum.

Most measurements were taken with the combination of attenuators that
minimizes the signal of the revolution harmonics (adjustment of electrical
center of PU to position of the beam).

Connection of a passive 1.8GHz BPF and low noise preamp to output of
hybrid for Delta signal in the tunnel (S/N ratio!).
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3.1- Cycle and Beam settings In the SPS on Wednesday
09/1/04 (10:00-13:00)

Bunched beam
in coast.

LHC beam with
40MHz structure:

72 bunches
spaced by 25 ns.

Vertical fractional
tuneqg, ~ 0.19

ME. Castro (AB/BDI), F. Caspers, T. Kroyer (AB/RF)

UNITS SPS

Coast beam Energy GeV 26
Momentum GeV/ie 26
Revolution Frequency kHz 43.347
Betatron Tune, QH 26.13
Betatron Tune, QV 26.19
Intensity per bunch 1.3*%10™
Number of bunches 72
Number of batches Upto2
Bunch Spacing s 23
Bunch Length ns 4
Normalized r.m.s m ~3.5-3.6
Vertical Enmttance (=%v)

| Ap/p (rmes.) 1x10™
Beam r.m.s radius (ams) mm 1.8
(Main) RF Frequency MHz 200
SPS 4, 3.4
SPS circumnference ( C ) m 6911.560387
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3.2- Measurement systems in BA5 and results:

Measurements on the SR785 FFT Analyzer:

= FFT analyzer used for transversal scans on Delta signal.
= Frequency range: from 195.3 mHz to 102kHz =» downmixing of Delta signal required.

Downmixing process:
= One filtering and two downmixing stages:
o Filtering in HP 8566B SPA:

o 1Stdownmixing stage in HP 8566B SPA:

o 2" downmixing stage in a mixer with external generator as LO signal.

FILTERING AND 1t DOWNMIXING STAGE IN SPA

BP Filter 1.8GHz
Center Freq = 1.8GHz
|

|
RBW=30kHz A

PU SIGNAL SHAPE

|
1
l
1
1
|
1
1
21.4MHz

Center Frequency: 1.8 GHz, 1.803GHz...
Resolution BW: 3kHz, 10kHz, 30kHz, 100kHz...
Frequency Span: O

=

2"d DOWNMIXING STAGE SIGNAL IN FFT

A » ANALYVER
LO '

e = -

21.4MHz, '21.45MHz 50kHz

|
S0kHz
]

LO supplied by signal
generator
Freq. ~ 21.45-21.46MHz
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B Schematic diagram of experimental setting:

‘\'
&
- 5
@Y e
- va*% &
s ﬁ¢yﬁf’b
TS
‘E:"‘::i Narrowband Filter
. P Center Frequency:
Schottky PU Hybrid 1.803GHz
BW: 3 MHz
5 v
.'b{\aé i 30 dB Preamplifier
o™ 0 1-2GHz
. Q’t\‘b;a‘b“{\ ‘ﬂ-‘i‘b‘@*‘
— ;“-i?{,“' TUNNEL 12 dB calhle
\2 attenuation
SURFACE Y
12 dB cable 26 dB P -
; reamplifier |
attenuation Y ALY G HE
Sum signal
RF input
SRS Model Sr785 2 HP 8447F OPT 28 SMHz
Channel FFT = 28 dB Amplifier |-f— LP HP Spectrum
Analyzer 9 kHz-50 MHz Filter Analyzer
* I * Model 85668
(Filtering+first
LO generator LO IF RF mixing stage)
HP 8660A Signal
Generator ) IF output @ 21.4MHz
(~21.45MHz) Mixer

&
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Some results for transve

rse spectrum:

Revolution lines (beam not centered in the detector).
Two sidebands associated to betatron oscillation.
Spurious lines near lower tune sideband: change in LO frequency moves

the whole spectrum to the right with the exception of the noisy peaks.

Notes: The frequency span is 30kHz.

File: coast43.txt, time 12:46pm
HP 8566B SPA: Center Freq: 1.803GHz, BW:10kHz
LO Frequency: 21.4632MHz, Switches: 1000 1000

File: coast44.txt, time 12:48pm
HP 8566B SPA: Center Freq: 1.803GHz, BW:10kHz
LO Frequency: 21.4662MHz, Switches: 1000 1000

_ FFT arjalyzer _
REVOLUTION LINE

LlE]

-0

L ower sideban
with LO freg

-80

=60

-70

-0

Amplitude (dBY)

'
]
=

i
|
O W .
il ) F,I,'II._, .--_||'l. ! ]l il

3 4

-1:.'- 5 i
Frequency (Hz)

FFT analyzer

REVOLUTION LINE

A
d moves
Coherent

signal

Schottky
signal |

LOWER
TUNE
SIDEBAND

rasites

I TUNE
/' SIDEBAN

Wy T

4 45 55 [ 85

wid'

5
Frequency (Hz)
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SCHOTTKY SIGNALS:
To obtain diagnostic information on a particle beam without perturbing it.

Unbunched beam, longitudinal:
Single particle circulating around the machine =» Beam current at a given location:

1(t) =1, +2 cosf t)+2 cos4of 1) +...

For N particles having slightly different energy (frev) =» line is replaced by a band

of frequencies of width: Dp _ _
Df = hf s (Df increases with h)
i(f)LongitudinaI spectrum, 1 particle i(fy Longitudinal spectrum, N particles
20 == A A Df 2Df
: A 3Df
10~} frev | frev | frev f\ g q
f ! ff f
hfrev frev 2ftev sfrev
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Unbunched beam, transversal: particles execute sinusoidal betatron
oscillations. Current is replaced by dipole moment:

D() =exa, . { CosAG 1+ ) + 3 CosL O+ Q)2 1 +1 R cosl - 2,1+ )

Each revolution frequency line is converted by the amplitude modulation into
two lines at a distance gvxfrev from rev. line. N particles having different energy
lines are replaced by freq. bands: _Dp

P Y b uu,I - frev[(niq)h iQX]

Bunched beam transversal: synchrotron oscillations = rev. line and
transverse tune lines split into synchrotron satellites.

frev Transverse spectrum, N particles JO
D(f J1
J2
L
( ( ( ! 77 ) ) ( f f
(1-g)frev (1+q)frev (2-q)frev (2+q)frev  (h-g)frev (h+q)frev —T -
sync
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Some other plots with different frequency ranges in the FFT

analyzer:
m Revolution lines.

0 Betatron sidebands. According to theory @ distance from rev. line:

+0.19*43.3kHz = £8.227kHz

File: coast48.txt, time 12:57pm
HP 8566B SPA: Center Freq: 1.803GHz, BW: 100kHz
LO Frequency: 21.4552MHz, Switches: 1000 1000

File: coast49.txt, time 12:58pm
HP 8566B SPA: Center Freq: 1.803GHz, BW: 100kHz
LO Frequency: 21.4554MHz, Switches: 1000 1000

FFT analyzer
40 '
| < >
o ~43.3kHz
(SPSrev freq)

Amplitude (dBVpk)
= &
e 5

8

| 8530lgég?rOHz 8500HZ 85§5HZ

- 5 u
L r
"5 " w".‘* i

A0+ F gt .'"r"H“ ey

qV=0.196 qv=0196

00! | i i i
1] 2 4 5} B 10
Frequency (kHz)

FFT analyzer
40 -

~ REVOLUTION LINE

50/ i

Z .60t
3 LOWER | | UPPER
w o TUNE J ﬁr TUNE
32 | SIDEBAND ' ISIDEBAND
E -B0+
"gﬂ'l s I- = II-_\.I|_:_'II|' I‘I.,,".|I.I i | Ly I, & II'.: .'1 i
T (I i '.*.'._' (P 1 If-.-l Vi

5 3 135 4 45 5 &5 & B85 T 75
Frequency (kHz)
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Measurements on the Agilent E4402B Spectrum Analyzer:

Transverse scan of bunched beam: comparison between the observed
spectrum on the FFT Analyzer and the one observed on the Agilent SPA.

Schematic diagram of experimental

setting: o« _

= ; *Best filter transmission @ ~1.803GHz
> S EES «Spectrum consistent with FFT analyzer: revol. line & tunelines
A=)
&
Agilent spa, transversal scan
Pelt il Narrowband Filter
Schottky PU — Hybrid  fg] CemerFreauency: 0.005+00
BW: 3 MHz -2.00E+01
y M ean value=1802988314 Hz
S T ~4.00E+01
e{\‘\ﬂf’\;v‘: 1 30 dB Preamplifier g 6.00E401 ﬂ
wﬁ&i@‘i@ L Ly 1802979832 Hz rf 1802996856 Hz
R TUNNEL 12 dB cable }Qﬂ?ﬂf :
R attenuation = L
€
SURFACE < -1.00E+02 i
12 dB cabl W W ¥ Y Ay
attenuZZO: / -1.20E+02 W\F WVN W“W N WU \NWV LL‘WW\
v ' 8482Hz 8542Hz
Sum signal -1.40E+02 T T T
/* 2 223388288238 +©°38888232828 3
Agilent E4402B ' '
< Spegcltrele Analyzer ) Freq-Center Freq (Hz)
\
\/ Tune values:
From upper sideband: 0.195
From lower sideband: 0.197
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Transverse scan of bunched beam (cont.)

Expected spectrum: Revolution line + tune
lines split into synchrotron satellites.
Observed spectrum: Rev. line & tune lines
Beam in coast at 26 GeV.

Resolution BW of SPA = 300Hz,

FFT much better.

Synchrotron freq ~ 280Hz.

This compares well to the

nominal synchrotron frequency of 257 Hz
at injection (26GeV)(*).

Amplitude (dBVpk)

A0

=50

8

T

B0}

=50

100}

110
-4

FFT Analyzer

~257 Hz
>

Zoom in revolution line

=3

-1 0 1 2 3
Frequency - Freq at peak (kHz)

(*): From LHC Design Report, “RF System and Longitudinal Beam Dynamics”.
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Transverse scan of bunched beam (cont.)

Difference mode impedance
for a slow wave pick up:

Spectrum Analyzer: Transverse spectrum
N
ZD = (g - 1) X f >§herm > (*) -4.00E+01 ,]
0 -5.00E+01
2>exl dc % - __ -6.00E+01
e ﬂ é -7.00E+01 ~80dBm [‘I ‘k
g = power ratio: g 8.00Ew01 A L)
£ -9.00E+01 26dBm . - t : -
P -P c k W N \Nmselevel @ ~100dBm
g= beam " noise € _1.00E+02 Y.“n P A nW ﬂwn. | ’ VI\ W\n 0 4a
P 10r0n T IYN WA
noise r { / | N
-1.20E+02
-1.30E+02 T T T T T T T T T
-25000 -20000 -15000 -10000 -5000 O 5000 10000 15000 20000 25000
Freq - Freq @ peak (Hz)

Expected Signal to Noise ratio:

0 , 1o
S/N = 20>40g§ beam + — 20%09?222;;912 +=16dB

9

noise @

(*): From “Slotted Waveguide Slow-Wave Stochastic Cooling Arrays”, D. McGinnis, FNAL, Batavia, IL
and from “Pbar Note 624: Accumulator 4-8 GHz Cooling Pickups Impedance Measurements”, Paul Derwent.
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-20

Amplitude (dBm)

-0

25 -

Bcin]s

Longitudinal sensitivity profile of the Schottky PU =»Sum (S) signal.
Spectrum analyzer with 40 dB attenuator and RF limiter before the input of SPA.

Distance between adjacent peaks

structure.

40MHz=>»shows expected LHC beam

Best response of the PU around 1.7625 GHz.

Agilent spa, longitudinal sensitivity

| v
eyl JI [ Py lll‘,.l",mi.,l'l le r!,h' 4 vl Iw;.\_-“ A .'\,f'l"i'l ’

-45

1.45

i i i i
1.5 155 16 1.65 17 1.75 1.8

Frequency (Hz)
Schottky PU at CERN

'|.|"'.d‘

1.85

Schottky Pickup Frequency Response

Square Root of Impedance v.s. Frequancy

Longitudinal sengitivity
Transver sal sensmwty

180 .00
I"' Il-'.'-l

140,00 4

SORT Ohm
|

- LY, i

2000 4 L / .::‘ N L -
ot X2 LA

Frequency (GHz)

1.7GHz Schottky PU at FNAL

Freq spectrum induced by bunched beam moves PU max response to lower frequencies
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4- Results from measurements taken in BA5 on the
Schottky PU (11/11/04)

4.1- Cycle and Beam settings in the SPS on Thursday 11/11/04

(8:00—16:00)

Beam conditions:
LHC in SPS on SC 950

Bunched beam in
coast.

LHC beam with
40MHz structure.

Vertical fractional
tune 0.175

ME. Castro (AB/BDI), F. Caspers, T. Kroyer (AB/RF)

UNITS SFES
Coast beam Energy GeV 26
Momentum GeVie 26
Revolution Frequency kHz 43.347
Betairon Tune, qv 0.175
Intensity per bunch 1310411
Number of bunches 72
Number of batches Upio?2
Bunch Spacing ns 25
Bunch Length ns q
Longitudinal Emittance (L) eV's 0.33
Transverse Normalized Emittance pm ~3
in both planes (sH,v)
Aplp (r.m.s.) 1x107?
Average Beam Size mm 1.8
radius
(Main) RF Frequency MHz 200
SPS iy 234
SPS circumference ( C) m 6911.560387

RESULTS FROM THE SCHOTTKY PU AT SPS
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4.2- Measurement systems in BA5 and results:

Measurements on the Agilent E4402B Spectrum Analyzer:

Transverse scan: PU response: Center Freq. = 1802988500 Hz, Res. BW =
30 Hz, effective RBW becomes 125Hz due to limited number of points on
screen (401)==> no synchrotron lines visible.

Trace586.csv, time 12:13pm

-20
-30
-40
-50
-60
-70
-80

Amplitude (dBm)

-90
-100
-110

-120

SPA center freq = 1802988500 Hz

Rev. line at

1802988500Hz

M

0,

Tune line at

p1802996500Hz

Tune line at V‘\
1802980625Hz \V\

AR

AL

p=

7875Hz 8000Hz

> < w \L\h %WMMMMM

-25000

-20000 A

-15000 A

-10000 -

T
o

-5000 A
5000 A

Freq- SPA center freq (Hz)

10000 -

15000 -

20000 -

25000
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Fractional tune values:

From lower tune
sideband = qv=0.181

eFrom upper tune
sideband = qv=0.184

(qv=0.175 given by
control room)
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Data taken with sound card:

New acquisition system (idea from Marek Gasior):
o USB external sound card (Sound Blaster Audigy2 NX, 24bit, 96kS/s):

o Laptop
o Matlab interface (Tom Kroyer).

SOUND CARD

DELTA
SIGNAL
DOWNMIXING (-—

LAPTOP WITH MATLAB INTERFACE

SOUND CARD FFT ANALYZER
SAMPLING 96 kHz 262.1kHz
FREQUENCY
FREQ RANGE ~20Hz-48kHz ~0Hz-102kHz
DATA Fast storage of big amount Data storage limited by internal FFT
STORAGE | data limited by laptop buffers. Data transfer for analysis is a
memory. slow process and device remains no
operational.
LO FREQ ~21.41MHz ~21.45-21.46MHz

ME.
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. = Software for acquisition: Matlab program running in laptop
| connected to sound card (Tom Kroyer).

b=l

. .
Sl = wﬁl_ ol g et s e s e *CONTINUOUS data
Lm:u.dmr-asme Im | |

Hm_ﬁ | W [ = e g acquisition

' ! ' | ? ? *Possibility of data
storage

*FFT of data

Ampiude [48]
ESHESBEas AN

o B & &

In

Fragiency [kHz]

=
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Example of data acquisition and data analysis :
o Data acquired on

110
SPS " Protons D -0 4

11/10/2004 (qv = 0.757) Nl B
o Matlab program wrg osmmis ey been SR/RESEavRRS

for FFT transforms. . Yed 53

Z2.2ZE+04

SO0OOOOHD

Ampiitude

-0.0:02

-01.0:04

0,005

-0.008

i _ . e
o 2 4 -] B a 12
Tirme of acquisition (&)
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-
| = Example of data acquisition and data analysis (cont.):

[y

FFT time evolution of acquired data
10’

1: | |Hi | k w
' IH.EH:I[}']{I”!EE. DT A
et A

8 H \r'u &Y 4 o . .
- |1 il e 4% 2 Magnitude evolution of selected frequency
T I YLk e
g f I'I (] s B SO 1|2
:_ .I . ..I- < _Time (Isec) .
2 ! m! 1 fix g 3
; I ' © Single trace ]
0.5 I .I 'I { | r'

Time in cvcle (s)

2 2.5 3
Fraguancy (Hz)
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= Rev.lines @ max ampl.

= Distance between rev.
lines »43.3kHz (SPS rev. freq).
= Realrev.lines increase
freq. during ramp.

= Rev.line and tune line
always spaced by same
distance (assuming tunes

not changing during ramp).

= Additional lines: harmonic

= Lines with negative slope
are images.

Freq (kHz) ——»

'm Criteria for signal recognition in dynamic situation:

0 cutlenght(s)=1 2ch1 FFTtimelnterval(s)=0.01NumTi

Revolution line@~47.1kHz

BN

and intermodulation distortion.

m

vy BT

Upper tuneline @ ~35.8 kHz
Distance: gv*frev~32kHz

L ower tuneline @ ~14.4kHz
Distance: gv*frev~ 32.7kHz
(qv—O 757)

inter modulatlon I|ne @ ~11 okHz

Time in cycle (s)

2'10I harmonlc @ ~7 5kHz
"”*m ;

Reval utlon Ilne @ ~3 8kHz

6 8

10

INJECTION

>

RAMP FLATTOP

ME. Castro (AB/BDI), F. Caspers, T. Kroyer (AB/RF)
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Frequency [kHz]

B . . . .
'm Explanation of signals with negative slope :

They are negative signals resulting from downmixing process

when f

signal

RF = FROM 21.32 MHz TO 21.48 MHz

<f oand that are mirrored and seen by sound card.

Antialiasing filter

+80kHz
+48kHZ

PC

IF = FROM
-80kHz TO
+80 kHz
MIXER » SOUND CARD >
LO=21.40 MHz

Time [s]

ME. Castro (AB/BDI), F. Caspers, T. Kroyer (AB/RF)

OHz

NEGATIVE
SIGNAL SEEN BY
SOUND CARD

fsignal<=fsampling/2

i@l fLO<fsignal

RESULTS FROM THE SCHOTTKY PU AT SPS

LO fLO > f signal LO

signal
d

signal
d

f OHz

signal

Signal is mirrored

f

f OHz




= Data acquired on 11/11/2004 :

= 26GeV flat bottom, 2 injections
= Acquired data:
o 14.9 seconds of data.
o Beam only in the time 1
interval that goes from - Sl ,
~5.8 sec to ~10.4 sec.

01t

0.05F

= Data processing:
o FFT of acquired data.
o Time evolution of FFT
o Single trace analysis sl

Amplituda

-0.2 ! 1
0 5 10 15

Tirme of acquisition (s)
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i FFT of acquired data

File: nocoastl.wav

HP 8566B SPA: Center Freq: 1.803 GHz, BW: 30kHz
LO Frequency: 21.40MHz

FFT analysis of time interval 6 - 10 sec. Resolution

Freq=10Hz
. _ nocoast] offset(s)=8 cutlenghtis)=4_h1 FFT time interval{zs)=0.1 trace at timels)=7.95 Freqg rescl=10Hz
nacoast] offsetizi=6 cutiengiiisl=4, M FFTHimeinteralisi=0 1Mum Traces=749 FregResakHzi=10 A e
i’
oy —
: — _5..
05k

o
3
.
0
g
B
=]
m .
— [ ]
z zf = o
7 = 1
§ 254 it
g @-
L 32 E
351 E
&
m
Ak =
45k = =
b 5l S 1 i 1= 1 L 1 L o |
L — = — [i] 0.5 1 15 2 26 3 35 4 4.5 5]
=} BS5 X 75 B3 a 83 Fl‘F.IqIJElnl:'g' {Hz) €10

&
Time in cycle (s)
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FICTERING AND DOWNMIXING TN THE SPA 85668

Data analysis.
’ SPS REV. FREQ ~ 43kHz
Expected Spectrum. Case 1. — A

Only rev. lines. PW=30kHzZ <}:| FILTERING

LO in 2nd downmixing set to | e 7 s 43¢z g

21.4MHz.

\

. . 12kHz
No image effect considered.
. . . 21.4MHz
No intermodulation or harmonic A
. . . A SPA IF OUTPUT
distortion considered.
< DOWNMIXING

PU response at 1802988500 Hz ? iy 31kHz \

SPA centered at 1.803GHz A

Difference Of 11 5k HZ 21.302MHz 21.345MHz 21.388MHz 21.431MHz 21.474MHz
("“12kHZ) 2nd DOWNMIXING STAC;E OOL|J_|'£PUT. LO FREQ = 21.4MHz

Two revolution lines expected A
at ~31 and ~41 kHz.

f 12kHE  31kHz
A A
-98kHz -55kHz -12kHz 31kHz 74kHz
SAMPLING WITH SOUND CARD AT 96kHz
Expected lines
A
A
? leHI J1kHz ¢
-96kHz -55kHz -12kHz 0 Hz 31kHz41kHz | 74kHz 84kHz 96kHZz
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= Onlyrev. lines.

= LOIn 2rd downmixing set to

21.4MHz.

= Image effect considered.
= No intermodulation or harmonic

distortion considered.

= PUresponse at 1802988500 Hz
= SPA centered at 1.803GHz

= Difference of 11.5kHz
(~12kHz)

= Revolution lines expected

at ~12, ~31 and ~41 kHz.

B

SAMPLING WITH SOUND CARD AT 96kHz

s
. Data analysis. Expected Spectrum. Case 1 (cont.).

-108kHz-96kHz

— .

-108kHz-96kHz

2kHFE 31kHz
} | b
-65kHz -55kHz -22kHz -12kHz O Hz 31kHz41kHz 74kHz 84kHz96kHz
EFFECT OF IMAGES IN WHOLE SPECTRUM
Expected lines
AM 1=
12kHz
f 22kHz
IMAGE ﬂ ? 4
-65kHz-55kHz -22kHz-12kHz 0 Hz 31kHz41§Hz 74kHz 84kHz96kHz
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Data analysis. Harmonic and Intermodulation distortion.

Single-tone distortion Results when several signals
product caused by are present at input of non-
nonlinearity of the amplifiers linear device.
and mixers 27 and 3@ ORDER INTERMODULATION DISTORTION
A HARMONIC DISTORTION A INTERMODULATION
FUNDAMENTAL PRODUCTS AT
w A o A A FREQUENCIES:
= = fl:—fz M f1 +- M f2, where
2 - M,N=0,1,2,3, ..
. < ALtz - |aretl 2f1+f2 22+f1
RN

f1 2f1 3f1

FREQUENCY fof1  flf2 2f1  2f2 3f1 32

FREQUENCY
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= Onlyrev.lines.

= LOin 2rd downmixing set to
21.4MHz.

= Image effect considered.

= Intermodulation and harmonic
distortion considered for the two
highest revolution lines.

= PUresponse at 1802988500 Hz
= SPA centered at 1.803GHz A
= Difference of 11.5kHz
(~12kHz)

= Revolution lines expected
at ~12, ~31 and ~41 kHz.

!_Data analysis. Expected Spectrum. Case 1 (cont.).

SAMPLING WITH SOUND CARD AT 96kHz: IMAGE AND INTERMODULATION DISTORTION

= Intermodulation products
expected at: ~7,~19,~24,~36 54,
and ~43 kHz.

= Peaks @ ~24 and ~36kHz could

be also 2nd and 379 harmonic of rev.
Line @ 12kHz.

f1  Expected lines
A 2 A
[2F1+2]]  fo-f1 (21 | [3L] |f1+f2
7kRz 19KH2 ZikHz 36‘Hz fstz A
f1 f2
0 Hz 12kHz 31kHz  41kHz 55kHz 84kHz 96 KHz
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—
i Data analysis. Peaks identification and synchrotron lines.
Revolution lines & harmonic + intermodulation distortion

What at first glance seem to be tune lines are in fact
iIntermodulation products!!! No true tune lines visible here.

Peaks identification: Synchrotron lines around revol. line @ freq=12010 Hz
Expected rev lines at ~12, ~22, ~31 and ~41 kHz
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. o | 1 |
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- = 1] 5 i
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Data acquired on
11/11/2004 :

Coasting beam.

Device settings:

o HP 8566B SPA: Center Freq: 1.803
GHz,

RBW: 30kHz.
o LO Frequency: 21.40MHz.

Acquired data:

o 160 seconds of data.

o Data analysis in blocks
of 10 sec.

Data processing:

o FFT of acquired data.

o Time evolution of FFT.

o Single trace analysis.

ME. Castro (AB/BDI), F. Caspers, T. Kroyer (AB/RF)
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Data analysis.

Expected Spectrum. Case 2.

FILTERING AND DOWNMIXING IN THE SPA 8566B

CENTER FREQUENCY=1803GHZ gpg Rev. FREQ ~ 43kHz

<}:| FILTERING

{—IDOWNMIXING

‘[R O _UTION\\A 4 SPA
BW=B0OkHz

Revolution and tune lines. 43kHz 43KHzZ 43kHz 43

LO in 2 downmixing set to f ? ?% ? f N#\
21.4MHz. 12Kz | [

No image effect considered. pLamHz - TKHE SPA IF OUTPUT

No intermodulation or harmonic )
distortion considered. N

PU response at 1802988500 Hz A ‘H * * * f AdA

SPA centered at 1.803GHz 21.302MHz 21.345MHz 21.388MHz  21.431MHz 21.474MHz

Difference of 11.5kHz (~12kHz)
Revolution lines expected
at ~12, ~31 and ~41 kHz.

2kHz 31kHz

24 DOWNMIXING STAGE OUTPUT. LO FREQ =21.4MHz

Tune lines expected at

~24 and ~38 kHz. A ”? f AtA

-98kHz -55kHz -12kHz 31kHz 74kHz

SAMPLING WITH SOUND CARD AT 96kHz
Expected lines
A 24KkHz |38k Hi
ALY L Y LI
-96kHz -55kHz 12kHz0 Hz 31kHz4]1kHz 74kHz 84kHz96kHz
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| Data analysis. Expected Spectrum. Case 2 (cont.).

= Revolution and tune lines.
= LOin 2rd downmixing set to
21.4MHz.

= Image effect considered.

= No intermodulation or harmonic A

distortion considered.

= PUresponse at 1802988500 Hz

= SPA centered at 1.803GHz

= Difference of 11.5kHz (~12kHz)

= Revolution lines expected

at ~12, ~31 and ~41 kHz.
= Tunelines expected at
~5, ~19, ~24 and ~38 kHz.

2nd DOWNMIXING STAGE OUTPUT. LO FREQ = 21.4MHz

s

A

OHz

b

K

WPkHz 31kHz

tt

AtA

-98kHz

-55kHz

-12kHz 31kHz

74kHz

SAMPLING WITH SOUND CARD AT 96 kHz. GENERATION OF IMAGES

0 Hz Expected lines

-12kH 2kHz 31kH3
96kHz
-96kHz | _-55KkHz skHE 24kH4 38kHz
T A b At
A ix | 14 , , ,
-108kHz -65kHz 19kHz 41kHz 84kHz
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Data analysis. Expected Spectrum. Case 2 (cont.).

Revolution and tune lines.

LO in 2 downmixing set to

21.4MHz.

Image effect considered.

Intermodulation and harmonic
distortion considered.
PU response at 1802988500 Hz

SPA centered at 1.803GHz

Difference of 11.5kHz (~12kHz) ,

Revolution lines expected

at ~12, ~31 and ~41 kHz.

Tune lines expected at

~5,~19, ~24 and ~38 kHz.

Intermodulation products

expected at: ~7, ~19, ~24,
~36 and ~43 kHz.

SAMPLING WITH SOUND CARD AT 96kHz.
IMAGES AND INTERMODULATION DISTORTION

Expected lines

f2-f1 |2%F1|
19kHz 24kHz
and  and A
tune tune
oHz || line @ line @f 3411 1412
EUR T, 4
f1 5k'Hi - 2 38kHz | ) ' )
-12kHz 2kHz 31kHz 41kHz |  55kHz 84kHz 96 KHz
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Revolution lines expected @
~12kHz and ~31kHz

At the time of data acquisition
tune value is 0.175=» tune lines
@~0.175*43.374kHz=7.586kHz
below and above the rev. line
Two peaks at about that
distance appear in the spectrum.
They are the lower sidebands,
overlapping with harmonic
distortion products??

Upper sideband peaks could be
buried in noise

Magnitude (dB) (10%log10(abs(wavdata))

Data analysis. Peaks identification.

line
OHz
f2-f1 2f1
and lower and lower

tune line tune line
19340Hz 24010Hz

Rev. line
31340Hz Rev. line
40640Hz

Rev
120

=
Q

f2+f1
43350Hz

12> F1-£2 | Wl
7330Hz 3*f1
[R6020HzZ
|

1] II
) je f
W‘ i

g rtune
sideband!!
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£
(=]

et
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L
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i
o

L L 1 va 1 L 1
1.5 2 2.5 3 3.5 4 4.5

Frequancy (Hz)
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Data acquired on 11/11/2004
Coasting beam.
Device settings:

o HP 8566B SPA: Center Freq:
1.8029885 GHz, RBW: 30kHz.

o LO Frequency: 21.40MHz.
Acquired data:

o 140 seconds of data.

o Data analysis in blocks

of 10 sec.

Data processing:

o FFT of acquired data.

o Time evolution of FFT.

o Single trace analysis.
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Data analysis:
PU response at 1802988500 Hz and SPA filter centered at 1.802988500GHz.

Two revolution lines are observed at ~0 Hz and ~43kHz. However, a close view on the
43kHz peak shows that in fact there are two peaks spaced by ~1kHz =» This points
towards an overlap of the signal spectrum and its image spectrum.

TRACE AT TIME = 2475 sec

kHz

0+

S0t

30

Aot

Magnitude (dB) CZ20™og100abs{way data))

3.8 4 42 4.4 456 4.8
Frequency (Hz) i

The 1kHz difference comes from an offset of ~500Hz in the center frequency of the SPA
with respect to the PU response, an error coming from the fact that the revolution
harmonic frequency was measured with a SPA different from the one used for the actual
down conversion. The two SPA were not phase locked and so their frequency bases
were offset.
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Data analysis. Expected Spectrum. Case 3.

. . FILTERING AND DOWNMIXING IN THE SPA 8566B
Revolution and tune lines.

CENTER
N . \
LO in 2nd downmixing set to FREQUENclY 18029885CHz b5 REV. FREQ ~ 43kHz
500Hz
21.4MHz. e
Image effect considered. A A xA A
No intermodulation or harmonic RESOLUTIQN BW=30kHz

distortion considered.
43kHz 43kHz 43kHz kHz
PU response at 1802988500 Hz */ * * * * * \*\
SPA centered at 1802988500 Hz >

Assumption of error in SPA \/ "I < Freq

center frequency of 500Hz. Tune lines 7kHz

Revolution lines expected SAMPLING WITH SOUND CARD, GENERATION OF IMAGES
at ~0 and ~43 kHz. Expected lines

: 500H

Tune lines expected at i I<— 1000Hz

~7 kHz and ~36 kHz. AR —> i
OHz-500Hz  |[|  43KHz-500Hz | 143KHz-500Hz
T fOOOHZz-500Hz
i M I MM L
21.357MHz oLz
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-Two main peaks @ ~ OHz and 43kHz.
-Close look: two peaks spaced by ~1kHz
-Tune lines expected @ ~7.5kHz and
~32kHz. -Overlap of two spectrums

displaced by 1002Hz.

!_Data analysis. Peaks identification.

0

& D10Hz
Rev. line

—
(=]

Tune sideband

[
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‘s, n

Tirme in cycle (5]

L
[=]

\

Magni\ide {dE} (10%log10igbs(wavdata))
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!_Data analysis. Long time behaviour

| Long trace on a coast over about 100 s. The harmonic is pretty wide within the first 15 s, then get
narrower. The upper plot shows the evolution of one harmonic line and two coherent tune lines
versus time.
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Data analysis. Pilot beam

Single pilot bunch with nominal intensity 5*10° p.

Faint trace of atune line with a priori knowledge of expected value. However, we do not
claim that this tune is exclusively incoherent.
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I_Data analysis. Switches upstream of combiner hybrid

Example of the impact of the switches setting. A potential suppression of the
harmonics by about 8 dB was found...

-EU T T T T
— switches 0000 0000, srs036.78d, 12:59:08
30l - switches 1000 1000, srs037.78d, 13:00:00
o) : ;
=, : _ j
o -60H . F - N i 1 s o i . -_
= ! | 1
é | f Jll'f IlJ‘II
g -704 - W\
g .
| i'lflli | ‘ |Jr
'ED I I Iﬁ. . I'I ‘i 3
Y ) {° ] I "
O R oot I O - DU . e ol e o o
i 1 1 1
0 20 40 60 80

Frequency [kHz]
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CONCLUSIONS...

We could clearly see vertical tune sidebands for different
beams from the 1.7-1.8GHz PU in BAS.

We have done and extensive signal analysis for static
and dynamic beam conditions including identification of
harmonics, images and intermodulation products.

We have seen strong longitudinal and faint transverse
signals of pilot beams (5*10° p, single bunch) at
minimum and maximum momentum without gating.

For certain beams a maximum voltage of about 100 V
peak to peak was found in the sum output of the hybrid.
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